Many studies have reported evidence suggesting that resources involved in linguistic structural 2 processing might be domain-general by demonstrating interference from simultaneously presented non-3 linguistic stimuli on the processing of sentences (Slevc, Rosenberg, & Patel, 2009). However, the 4 complexity of the analyzed linguistic processes often precludes the interpretation of such interference as 5 being based on structural -rather than more general -processing resources (Perruchet & Poulin-6 Charronnat, 2013). We therefore used linguistic structure as a source of interference for another structural 7 processing task, by asking participants to read sentences while processing experimentally manipulated 8 pitch sequences. Half of the sentences contained a segment with either an "out-of-context" sentential 9 violation or a "garden path" unexpectancy. Furthermore, the pitch sequences contained a cluster shift 10 which did or did not align with the sentential unexpectancies. A two-tone recognition task followed each 11 pitch sequence, providing an index of the strength with which this structural boundary was processed. 12
recent theories investigating structural processing across domains (such as the Syntactic Working Memory 23 account, Kljajevic, 2010) proposed an overlap in dependency processing resources, required for 24 processing (syntactic or thematic) dependencies between elements. Importantly, also in the current study, 25 auditory sequences as a dependent measure, allowing us to investigate possible interference effects on 23 basic non-linguistic integrational processing. Importantly, these auditory sequences themselves contained 24 no unexpectancies, allowing us to measure the integrational processing of structurally robust materials. 25 "within probe" advantage on the recognition task would occur since, upon processing the harmonic 23 boundary in the melody, the representation of the melody would have an increased sequentiality of tones 24 within a same harmonic phrase (sampled in "within probes"), and it would have a decreased sequentiality 1 of the tones spanning a harmonic boundary (sampled in "between probes"). In other words, the authors 2 argued that the "within probe" advantage on the recognition task is a result of structural integration of the 3 melody, leading to a parsed representation of the melody. We denote this effect as the boundary 4 processing effect (BPE); when comparing pitch sequences that are structurally processed to pitch 5 sequences that are not structurally processed, the recognition of "between probes" (spanning pitch 6 boundaries) will be decreased and the recognition of "within probes" (within pitch boundaries) will be 7 increased, leading to a "within probe" advantage. 8
In this paper, we used non-linguistic pitch sequences, which also included structural boundaries. 9
Though these pitch sequences are not "musical", or created based on tonal harmony (a requirement to 10 ensure that the structuring effort was not dependent on musical knowledge), they contained boundaries 11 based on easily acquired grouping rules. The reason for this choice is that we wanted to avoid any 12 influence of explicitly acquired knowledge (e.g., music theory) during the processing of the pitch 13 sequences. Regardless of these differences, we still expect a BPE when comparing pitch sequences with a 14 processed boundary to pitch sequences where this boundary was not processed. To be able to replicate the 15 BPE in our task, we needed to allow for good recognition performance. This is why, instead of the chord 16 sequences provided in earlier experiments (e.g., Slevc et al., 2009; Perruchet & Poulin-Charronnat, 2013) , 17 we opted for simple tone sequences. 18
19

Current study 20
In this study, we addressed the claim that structural processing of both linguistic and non-21 linguistic materials might draw on the same pool of resources (SSIRH, Patel, 2003) . In contrast to 22 previous research (Slevc et al., 2009) , which has focused on a linguistic measure of interference, we aimed 23 to test whether there is interference from linguistic syntax upon non-linguistic processing. Based on theSSIRH (Patel, 2003) , we predicted that providing structural integration difficulties in language and non-1 linguistic pitch sequences simultaneously should lead to interference. Such interference should occur only 2 when a linguistic unexpectancy is provided simultaneously with the structural shift in the pitch sequence, 3 and when this linguistic unexpectancy triggers a reintegration of the sentential structure (garden path 4 unexpectancies, but not unexpectancies that are "out-of-context" to the sequence and thus do not trigger 5 dependency processing, Perruchet & Poulin-Charronnat, 2013; Slevc et al., 2009 ). This predicts a BPE 6 (i.e., better performance on "within probe" recognition and worse performance on "between probe" 7 recognition) in the conditions where we expect intact processing of the boundary (all no overlap 8 conditions, and the overlap conditions using sentences containing an "out-of-context" violation), 9 compared to the condition where we expect poor boundary processing (the overlap condition where the 10 sentence contained a "garden path" unexpectancy). Thus, we expect a three-way interaction between 11 probe type (within vs. between), overlap (overlap vs. no overlap), and sentence type ("out-of-context" vs. 12 "garden path" unexpectancies), reflecting a decreased "within probe" advantage when there is an overlap 13 between the sentence manipulation and the structural boundary in the pitch sequences, but only when the 14 sentence manipulation is a garden path unexpectancy. We recruited 40 participants from the student pool of Ghent University (average age = 18, age 21 range 17-21, 4 men, 36 women), who participated for course credits. We ran participants until the 22 predetermined sample size of 40 was reached. Because of the limited availability of participants during 23 certain periods of the year, there was a time gap of about half a year between testing the first and the 1 second group of 20 people. Grouping based on testing moment was included as a control variable in our 2 design, but yielded no statistical differences. No participants were removed. Participants were not selected 3 on the basis of their musical abilities, given that the pitch sequences did not consist of tonal compositions 4 based on Western Tonal Harmony. However, after obtaining informed consent for the experiment, we 5 measured the number of years spent on formal musical training (which ranged from 0 to 11 years, mean of 6 2.65 years), and included that variable in our analyses, so as to control for possible explicit tracking of 7 pitch tones (which might be possible for people with high musical training). 8 9 Materialspitch sequences, thus being able to create and break a simple expectancy pattern that could be easily 22 expect the use of a passive voice (e.g. "that the girl investigated….was"). A garden path manipulation could then be to contrast these expectations for a passive voice (e.g. " that the burglar caught… was) by having an active voice in the complement clause (e.g. "that the burglar caught….the message").
acquired. We subdivided the pitches that could be played into three clusters: notes A-B-E, notes Ab-Eb-Db, 1 and notes C-F-G (See Figure 3) . Whereas the first tone was randomly selected out of all 18 possibilities, the following tones were randomly 6 chosen to be one of the two closest neighbors (in frequency) above or below the preceding tone, selected 7 within the same cluster. Importantly, there was no other structure in the sequences, except for this cluster 8 grouping. Therefore, it was expected that their underlying structure would be easily acquired regardless of 9 formal music knowledge. An illustration can be found in Figure 4 . For every trial, a pitch sequence was 10 randomly created with the abovementioned characteristics. 11
12
[ Figure 4 about here ] 13 shift from the "ABE" to the "CFG" cluster. The position of this cluster shift occurred either on the 3 rd -4 th 18 pitch (50%) or the 6 th -7 th pitch (50%), and was manipulated to investigate the effects of overlap with the 19 sentence irregularities presented at the 3 rd or 6 th sentence segment. We chose to align the linguistic 20 unexpectancy with the pitch preceding the cluster shift, given the fast presentation time of each segment 21 2 Please note the clustering presented in Figure 3 . We grouped tones into pitch clusters on The Circle of Fifths, separating each cluster by maximally one tone. When regarding the Circle of Fifths as an overview of harmonic closeness, we can thus see that within-cluster transitions (e.g., G to F) can be similar in harmonic closeness as compared to between-cluster transitions (e.g., F to Eb). The clustering further did not follow harmonic composition.
(370 ms), so that the cluster shift would be detectable within 400 ms after the linguistic unexpectancy 1 presentation, which should create overlap (see procedure). 2
For the recognition probes, the "between probes" (1/3 of trials) were selected to be the two tones 3 spanning the shift in the preceding pitch sequences. The "within probes" (1/3 of trials) were selected 4 randomly from all possible segments of 2 sequentially presented pitches in the preceding pitch sequence 5 that did not span the cluster shift. The "foil probes" (1/3 of trials) were incorrect recognition probes, and 6 consisted of a random combination of two pitches that were presented in the preceding sequence, yet not 7 in that sequential order. 8
Procedure 9
Participants received task instructions and then performed four practice trials to familiarize 10 themselves with the experiment. The practice sentences had a different structure from the control and 11 experimental trials. After practice, participants performed 96 trials, with each trial consisting of a 12 simultaneous presentation of pitch sequences and sentence segments, followed by a pitch recognition task 13 ( Figure 5 ). The presentation of the trials was randomized. To indicate the start of a trial, a fixation cross 14 was presented for 500ms. After this, the eight sentence segments were presented in Arial 12 font against a 15 black background, for 370 ms, separated by 200 ms breaks. The onset of pitches was aligned with the 16 onset of the sentence segments. After presentation of the complete sentence and pitch sequence, the 17 participants heard a two pitch fragment. They judged whether this two-pitch fragment had occurred in the 18 previously heard pitch sequence by clicking left or right for "correct" or "incorrect", respectively. After 19 this judgment, a fixation cross appeared and the next trial started. However, to ensure attentive reading, a 20 button appeared instead of the fixation cross on eight random trials. Participants were instructed to then 21 write down the previously read sentence on the back of their music questionnaire, before clicking the 22 button to continue; they performed this reproduction task accurately in 79% of the cases. Furthermore, 23
RESULTS
22
Table 1 provides an overview of the recognition performance of all probe types across theremains important to our theoretical hypothesis to look at the three-way interaction between overlap 23 condition ("overlap"/ "no overlap"), probe type ("within"/ "between"/ "foil") and sentence conditionz=-4.462, p<.001). Importantly, we also found an interaction between sentence type and probe type (β= 23 0.343, z=2.188, p=.029). More specifically, sentences containing a garden path unexpectancy had a poorer 24 performance on "within probe" recognition and a higher performance on "between probe" trials ascompared to the other sentence conditions in our "overlap" data, resulting in a strongly decreased "within 1 probe" advantage to the point of a small "within probe" disadvantage. 2 Figure 6 illustrates the differential recognition performance, specifically in the condition where a 3 structural shift in the pitch sequence co-occurred with a garden path unexpectancy in the sentence (see 4   Table 1) . 5
[ Figure 6 about here] 6 7 It is important to note that, although we did hypothesize a BPE when comparing all other 8 conditions to the "overlap/garden path condition", we did not a priori hypothesize that there would be a 9 "within probe" disadvantage in the "overlap/garden path condition" (see Figure 7) . Rather, based on the 10 assumption that the pitch sequence would not be structurally integrated, a similar performance for "within 11 probes" and "between probes" performance might have been expected. Given that the "within probe" 12 disadvantage was not expected and is not significant by conventional standards (although admittedly close 13 to it, β = 0.271, z=1.903, p =0.06), we will refrain from extensive speculation about any reasons for it. As 14 illustrated in Figure 7 , there might be a slight "baseline" preference in our stimuli, so that when there is no 15 structural processing at all, there is a slight "between probe" advantage. For the goals of the current paper, 16 it is more important to have established a BPE in those conditions where we expected it. 17
18
[ Figure 7 about here] 19 20 Finally, it is important to acknowledge that the amount of formal musical training of the 21 participants did not significantly affect recognition performance, as can be expected given the novelty of 22 our experimentally manipulated pitch sequences. This lack of an expertise effect suggests that the 23 structures could not easily be recognized in an explicit manner. Table 2 shows how the amount of formal 1 training of the participants relates to the performance on the recognition task. Though there is a slight 2 indication for the "within probe" advantage to increase alongside years of formal musical training, this is 3 far from significant. 4
5
[ Table 2 around here] 6 7 DISCUSSION 8
The goal of the current study was to provide a new test of the hypothesis that there is an overlap in 9 resources for structure processing across domains (Kljajevic, 2010; Slevc et al., 2009 ). Whereas previous 10 research has mostly directly investigated this claim by addressing the interference of non-linguistic 11 manipulations on syntactic processing in language, some doubt has been cast on whether the nature of the 12 interference is syntactic (Perruchet & Poulin-Charronnat , 2013) . Therefore, we developed a novel 13 paradigm in which the influence of sentential syntax processing on the structuring of basic pitch sequences 14 was investigated. 15
Using a dual task paradigm, we provided sentences containing reintegratable and non-16 reintegratable unexpectancies simultaneously with pitch sequences that entailed a cluster shift. We found a 17 BPE (which is an indication for stronger structural processing of the pitch sequence) when comparing 18 sentences containing no unexpectancy or an "out-of-context" unexpectancy simultaneously with the pitch 19 boundary to sentences containing a "garden path" unexpectancy simultaneously with the pitch boundary. 20
The BPE thus indicates that, specifically when the pitch boundary was matched to a sentential 21 unexpectancy that required structural reintegration, there was a weaker structural processing of this pitch 22
boundary. 23
Importantly, our demonstration of cross-domain interference in structural processing has 23 theoretical implications that go beyond the confirmation of a prediction from the SSIRH (Patel, 2003) . Inof the pitch clustering allowed for a more controlled task environment, we believe future work would 20 make an important contribution to the research domain if it applied the abovementioned procedure to more 21 naturalistic, harmonically organized pitch sequences, specifically investigating the domain of harmonic 22 musical processing. For now however, the study suggests that measuring the structural processing of non-23 linguistic auditory sequences is both possible, and reveals interference effects with simultaneous sentential 24 processing. that might follow. When a pitch boundary is reached, this leads to a closure of the first musical segment. Therefore, the person will register a 11 separation between this and the following tone, creating two separated segments in the melody. Because of this harmonic "shift", the sequence of 12 the two tones tagged in circles ("between phrase"-probes) will be recognized less well as compared to any other two sequential tones ("within were selected so that each following tone was either the closest neighbor above or below the preceding tone. For example, F4 could be either 9 followed by C4 or G5, whereas for example E5 could only be followed by B5. Auditory representations of both examples can be found online on recognized better as sequentially occurring than "between probes" (1), it has been argued that this pattern of results might stem form an increase 3 of "within probe" performance (2) and a decrease of "between probe" performance (3) following a more parsed representation of the tone 4 sequence , due to structural processing. Given this pattern of decrease and increase (which we call the BPE), we would also expect that all 5 conditions where we did not attempt to induce an interference in structural processing resources (4) would have a higher "within probe" 6 performance and a lower "between probe" performance, compared to our "overlap/garden path" condition (5), where we did induce an 7 interference in structural processing resources across domains. Interestingly, where we would have expected this trend to go no further than an 8 even performance on both kinds of probes (6), we find that, when structural processing resources are depleted, we observe a "between probe" 9 advantage. This seems to suggest (7) that "between probes" might, in situations where relatively little structural processing takes place, actually be Tables  1   2   Probe 
